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ABSTRACT
Electrochemical conversion devices are a developing technology that prove to be a viable
and more efficient alternative to current environmentally friendly generation devices. As such,
constant research has been done in the last few decades to increase their applications and reliability.
One of these systems, and the focus of this research, is the single cell Solid Oxide Fuel Cell
(SOFC). These systems are a developing technology which main caveat is the need of high
operating temperatures and costs. Thus, most multidisciplinary research has been focused on
researching materials and/or processes that help mitigate the costs or lower the operating
temperature. The research presented in this paper focused on the manufacturing of a cubic
stabilized zirconia (CSZ) electrolyte thin membrane for a single cell SOFC through tape casting.
The process was divided into slurry preparation, tape casting, further processing, and analysis of
samples. First, the tape was produced reaching optimal viscosity (between 500 to 6000 cP) and
minimizing impurities. Then, the slurry was poured into the doctor’s blade with a 200 𝜇𝑚 gap and
allowed to dry. Samples were punched from the green tape with a diameter of 28 mm. Afterwards,
these samples were pressed and sintered with a force of 218016 N and temperature of 1550 ℃,
respectively. These steps are done to maximize density and grain growth and minimize porosity.
Lastly, the tape went further analysis and it was stated that further research should be done to
determine this tape viability for stationary SOFC application.
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1. INTRODUCTION AND BACKGROUND
1.1 Introduction
As the world’s focus towards energy production shifts into environmentally friendly practices;
new, and old, green technologies have been involved in plenty of research to optimize their use
and, simultaneously, decrease the environmental impact of current energy production practices.
Within this principle, environmentally friendly generation devices, such as solar power, wind
power, hydropower or geothermal power have been improved and mass produced for the last
decades. Nonetheless, it is within these systems to struggle with the physical limitations of energy
storage, loud noises and difficulty matching the supply with the demand of energy [1]. As such,
alternatives like electrochemical conversion devices, such as Solid Oxide Fuel Cells, have been
explored due to their silent, clean, and efficient energy capabilities [2].
SOFC are complex devices which have multiple components and as such can be optimized in
different ways. This fact has led to extensive research in multidisciplinary fields to overcome and
improve these systems manufacturability and applications. The approach taken in this research is
to develop a 8YSZ (also referred as CSZ) electrolyte membrane that could potentially be used in
an electrolyte supported single cell SOFC. To do so, a manufacturing technique referred as tape
casting will be used to manipulate the slurry and create the electrolyte. The purpose of this research
is to prepare the slurry, manufacture a tape and minimize impurities of an 8YSZ thin electrolyte
membrane so its physical properties can be measured and its viability for its use in as electrolytesupported single cell SOFC can be analyzed.
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1.2 Literature review
The production of the electrolyte for an electrochemical device requires a full understanding
of the application of said component. Additionally, it is important to understand the meaning
behind the additives and manufacturing process chosen for tape casting. It is the focus of this
section to introduce the chemistry and uses of SOFC, the main points of manufacturing electrolytes
through tape casting and understanding the processing of said tapes.
1.2.1

Solid Oxide Fuel Cells

Solid Oxide Fuel Cells are electrochemical conversion devices and are just one out of many
types of fuel cells. All types of cells, as explained by Dr. H.S. Maiti from the Indian Institute of
technology in Kharagpur, generate power continuously as a gaseous fuel is electrochemically burnt
in a continuous manner [3]. As previously mentioned, the main advantages of these cells are their
fuel to electricity efficiency, corrosion resistance, their clean energy production (silent and zero
emission), and low maintenance cost. Nonetheless, the main disadvantages of SOFC are the cost
of production, the high operating temperature, the degradation of cell components and the
difficulty to make the cell gas tight sealant [3-4].
Plenty of research has been involved trying to reduce the operating temperature of SOFC while
maintaining a good cell performance. Nonetheless, operating at different ranges of temperatures
benefits a specific characteristic of the cell while sacrificing another one. As seen in table 1,
operating at low temperatures benefits long-term stability and decreases costs given that less costly
metal alloys can be used as interconnectors and external components. Nonetheless, the increase in
internal cell resistance decrease power density and efficiency. On the other hand, operating at high
2

temperatures grant better cell performance and fuel processing but affect the costs of operation
and long-term stability [5].

Table 1: Comparison of SOFC's at Different Temperatures

Materials available
Existent technology
Performance

Fuel processing
Long term stability
Dynamic operation

System costs

High
temperature Medium
Temperature Low temperature
(>800 °C)
(800-600°C)
(<600°C)
Most available
Neutral
Least available
materials
materials
Plenty of diverse
Neutral
Not that many
approaches
viable approaches
Best performance at
Neutral
Existent technology
high temperature
is outperformed by
higher temperature
fuel cells
Most efficient at
Neutral
Least efficient
processing fuel
Neutral stability
Neutral
Most stable given
low temperature
System can only be
Neutral
System is viable for
used in specific
multiple
situations
applications
It is expensive to
Neutral
Least expensive
keep the system
given low
running due to high
temperature
temperature
operation

The main difference of SOFC to its alternatives is that each component of the cell is in a solid
state. Although SOFC can be built in different shapes or have multiple layers, in its most simple
state it is composed of an electrolyte, a cathode, and an anode. This three-component schematic,
shown in figure 1, is usually referred as a single-cell fuel cell, or the MEA [6]. It is noteworthy
3

that these systems can also have interconnectors and sealants depending in the design and the use
of these cells. As previously mentioned, this research will be based on a CSZ electrolyte-supported
single-cell SOFC. These planar designs, described in table 2, have the electrodes with a thickness
50 𝜇𝑚 each and a minimum electrolyte thickness of 150 𝜇𝑚 to withstand most of the physical load
of the system [3-5].

𝟏

Oxidant: 𝟐 𝑶𝟐
𝑒−
𝟏

𝟐𝒆− + 𝟐 𝑶𝟐 → 𝑶−𝟐

Cathode

Load

𝑂−2

Electrolyte

𝐻2 + 𝑂−2 → 𝐻2 𝑂 + 2𝑒 −

Anode
𝑒−

Product: 𝑯𝟐 𝑶

Fuel: 𝑯𝟐

Figure 1: Schematic of a Single-Cell Fuel Cell

Now, looking into the chemistry behind SOFC, the energy conversion of these systems consists
of having an oxidant (𝑂2) next to the cathode, an electron (and ion conducting) porous cathode, an
ion conducting dense membrane electrolyte, an electron conducting porous anode, and the fuel gas
(𝐻2 ) next to the anode [3]. In the simplest case, as seen in figure 1, this process consists of placing
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the oxidant and the fuel on the cathode and anode compartments, respectively. In this step, the
electrolyte will serve as a barrier for gas diffusion but allow ions to migrate through it. Then, the
oxidant will be electro-reduced at the cathode side consuming electrons but producing 𝑂2− ions.
These ions will travel through the electrolyte and react with hydrogen to produce 𝐻2 𝑂 and release
electrons. The balanced flow of ionic charge through the electrolyte and of electronic through the
outside circuit produces the electrical power [6]. It is important to notice that as long as there is
available fuel (𝐻2 ) this process will continuously occur until the life of the fuel cell finishes.

Table 2: Planar Single Cell Components
Electrolyte supported Anode

supported Cathode

Supported

(800-1000°C)

(600-800°C)

(600-800°C)

Cathode

50 µm

50 µm

50 µm

Electrolyte

>150 µm

<20 µm

<20 µm

Anode

50 µm

500-1500 µm

300-1000 µm

The standard electrolyte supported single cell SOFC consists of an “8YSZ electrolyte, with a
screen printed LSM monolayer cathode and Ni/YSZ cermet anode” [5]. There are multiple and
more diverse alloys used in the production of single cell SOFC but they are not the focus of this
paper. It has been shown by previous research that in these systems the cathode governs the main
part of the losses. As such, both electrodes are commonly screen printed into the electrolyte to
reduce polarization losses and improve long-term stability [5].
5

The main caveat of SOFC is the high temperatures these devices operate in and how this limits
their efficiency and applications. For instance, the standard single-cell electrolyte-supported SOFC
is said to operate efficiently within the range of 800-1000 degrees Celsius [3]. In understanding of
this problem, research in the materials used has been increased in the last few decades to lower
operating temperatures to somewhere between 500-600 degrees Celsius. It has been stated that
further reduction in temperature will seem “undesirable because of concomitant losses in electrode
activity” [6].
1.2.2

Tape Casting

Tape Casting, or the doctor-blade process, is a low-cost technique for large scale
production of thin, structured ceramics in the electronics industry [7]. This process was first
introduced in the 1940s to produce thin ceramic sheets for capacitors and has evolved since to
become essential to the production of new technologies. The main applications of this process are
texture ceramics, FGCs, multilayered ceramics, substrates, and SOFCs [8]. As previously
mentioned, this process will be used to develop a thin electrolyte membrane that can function in a
single cell SOFC.
The tape casting process consist of spreading the slurry “over a surface using a carefully
controlled blade referred to as a doctor blade” [8]. This results in a long thin green tape with a
thickness between 1-3000 𝜇𝑚 depending on the blade gap [8]. There are multiple ways to produce
tapes but the focus when producing a tape is not in the tape itself but in the accurate selection of
additives and the optimal machine configuration [8]. A diagram of the slurry preparation and the
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tape casting process can be observed in figure 2. Additionally, an image of the tape casting machine
used can be seen in figure 3.

Ceramic
Powder +
solvents

Place slurry
in the mixer

Add binder
and additives
to the slurry

Tapecasting

Degas the
slurry
(vaccum
pump)

Place slurry
back in the
mixer

Drying

Figure 2: The Tape Casting Process

Figure 3: The Tape Casting Machine
7

The manufacturing of tapes can be aqueous or non-aqueous based. The most
environmentally friendly perspective focuses on aqueous based electrolytes. Nonetheless, aqueous
based manufacturing process has many drawbacks, such as, slower drying rates, high dielectric
constant of water, warping during sintering, and more [7]. These caveats make this process not as
easy to manufacture as non-aqueous based. These tapes have an easier setup, higher drying rates,
good wetting properties and high-quality tape production [7].
As mentioned above, additives play an important role in the slurry behavior. The main role of
these additives in the ceramic suspension are: the dispersant ensures homogeneity, binders and
plasticizers provide strength and flexibility of the green tape, and de-foaming agents are added to
prevent bubbles while mixing [8]. For the machine setup, the thickness of the tape is affected by
the hydrostatic pressure, the opening of the doctor’s blade, and more. As it can be appreciated,
tape casting is a multidisciplinary procedure that is highly dependent on the manufacturing
decisions before production and careful implementation of the procedure.
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2. RESEARCH OBJECTIVE
The research objective of this experiment is to produce a 8YSZ electrolyte membrane that has
the characteristics to be viable to use in an electrolyte supported single cell SOFC. To do so, a
ceramic slurry will be prepared and analyzed. Then, the slurry will be tape casted and involved in
further processing to ensure homogeneity and avoid porosity. Lastly, the electrolyte will be
analyzed, and the findings discussed.

9

3. APPROACH AND METHODOLOGY
3.1 Slurry Components
The powder used is set to be 8% mol YSZ (Tosoh, Japan) powder with a surface area of
around 7

𝑚2
𝑔

and an average particle size of 5-100 micrometers [9]. Given the characteristics of

the powder used, it has been decided to base its processing for tape casting through Mistler’s
detailed procedures for high surface area, oxidizing atmosphere sintering [10]. The weight
percentages used are described per additive in Table 3.

Table 3: Batch Formulation
Composition

Function

Weight %

Weight (g)

Volume (mL)

𝑍𝑟𝑂2

Powder

47.3%

103.89

80

Fish Oil

Dispersant

1.24%

2.72354

1.8

Xylenes

Solvent

21.1 %

46.8493

60

Ethyl Alcohol

Solvent

21.1%

46.8493

65

Polyvinyl Butyral

Binder

4.4%

9.66419

45

Butylbenzyl Phthalate Plasticizer

2.2%

4.832

4

Polyalkylene Glycol

2.2%

4.832

4

Plasticizer
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3.2 Slurry Preparation
The steps to prepare the slurry are as follows: First, the YSZ powder is heated to 100 ℃
for 24 hours. Then, the fish oil will be dissolved in the xylene and added with the powder and the
ethyl alcohol to a mill jar. The mill jar should be filled with Cylindrical Zirconia grinding beads
up to a third of its volume. This jar will be placed in a mill for 24 hours at 58rpm. Lastly, the other
additives will be added to the jar and it will be placed back in the mill for 24 hours at 58 rpm to
allow the substance to mix and homogenize.
The substance will then be placed in a beaker and its viscosity will be measured with a
viscometer for quality control. This beaker will then be placed in a desiccator and de-aired with an
agitation of 635 mm of mercury for 8:30 minutes. After this step, the viscosity is measured again
for comparison. At this step the slurry is ready for tape casting.
3.3 Tape Casting and Further Processing
The slurry prepared will be poured on the doctor’s blade with a blade gap of 200 𝜇𝑚, as
shown in figure 4. The carrier of choice is a silicone-coated Mylar which will be controlled by a
motor rotating at 1.3 ±0.0616 rpm (60-70% of the motor power). The tape will be left to dry for
24-48 hours. Then, samples of 28 mm diameter will be punched from distinct sections of the tape
and carefully removed.
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Figure 4: Tape Casting

The punched samples will be stacked in groups of four with 90 degrees uniaxial rotation to
ensure that the imperfections created when tape casting will be minimized when laminating. The
automatic press used for laminating will have its plates set to keep a temperature of 120℃ and its
program will be to keep a pressure of ~30 MPa for 2 minutes. The stack of 4 samples will be placed
between pieces of weighting paper to prevent impurities affecting the samples. Additionally, two
80.31 mm metal cylinders, as seen in figure 5, will be used by setting the samples in between them
and proceed to be laminated.
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Figure 5: Steel Cylinder

Lastly, the laminated samples will be placed between center platens and heated in a furnace
with the following automatic cycle. First, the temperature will be raised from room temperature to
300 ℃ at 1℃/𝑚𝑖𝑛, the temperature will be constant for 3 hours. Then, the temperature will be
raised again at the same rate till it reaches 600 ℃. This temperature will be kept constant once
again for 3 hours and raised one final time at the same rate till it reaches 1550 ℃. This temperature
will be kept constant for 5 hours and then decreased at a rate of 2℃/𝑚𝑖𝑛 till it reaches room
temperature. When this process is done the samples can be retrieved for further analysis.
3.4 Further Analysis
The sintered samples will be carefully removed form the furnace. And the percentage
shrinkage of the diameter will be measured.

13

4. RESULTS AND DISCUSSIONS
4.1 First Slurry
The first slurry fabricated from September 10th to September 14th through the process
explored in the previous section had a high viscosity and a paste like consistency that didn’t allow
further examination. This issue can be attributed to two main issues during the slurry
manufacturing. Firstly, the Binder (Polyvinyl Butyral) and Dispersant (Fish Oil) have a known
interaction in which the binder’s dispersing action overshadows the dispersing action of the
dispersant [10].
The second issue that was encountered was the difficulty to pour the slurry into the beaker
fast enough to prevent the evaporation of the solvent. This situation was caused given that there
wasn’t an appropriate setup to allow a fast separation of the mill balls from the slurry when poured
into the beaker. To solve both issues, a filtering process was put in place to allow a fast transition
from the jar to the beaker and the composition of the slurry was adjusted by reducing the weight
percentage of the dispersant by .46% and adding to the solvents (.23% each). These solutions
allowed to optimize the pouring process and minimize the unwanted interaction between the
solvent and the dispersant. The new weights were recorded on Table 4.

14

Table 4: New Slurry Formulation
Composition

Function

Weight %

Weight (g)

𝑍𝑟𝑂2

Powder

47.3%

103.89

Fish Oil

Dispersant

1.24%

2.72354

Xylenes

Solvent

21.3 %

46.8493

Ethyl Alcohol

Solvent

21.3%

46.8493

Polyvinyl Butyral

Binder

4.4%

9.66419

Butylbenzyl Phthalate

Plasticizer

2.2%

4.83209

Polyalkylene Glycol

Plasticizer

2.2%

4.83209

4.2 Second Slurry
All the equipment was cleaned with acetone and the slurry process was repeated from
September 17th to September 21st. The slurry’s formulation and the error from the expected
composition can be observed in table 5. For this slurry the filtering process observed in figure 6
was used after milling. This setup had the slurry poured from the jar into a metallic grid that, in
turn, was connected to a filter that poured into the beaker.

15

60 mm

Figure 6: Filtering process

Table 5: Second Slurry Formulation
Composition

Function

Weight %

Weight (g)

%error

𝑍𝑟𝑂2

Powder

47.3%

103.99

0.09

Fish Oil

Dispersant

1.24%

2.77

1.71

Xylenes

Solvent

21.3 %

46.86

0.02

Ethyl Alcohol

Solvent

21.3%

46.85

0.001

Polyvinyl Butyral

Binder

4.4%

9.67

0.06

Butylbenzyl Phthalate Plasticizer

2.2%

4.76

1.49

Polyalkylene Glycol

2.2%

4.87

0.79

Plasticizer
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The viscosity for this slurry before degassing was measured at 1470 mPa. This value was
obtained by using a Brookfield viscometer with an RV4 spindle rotating at speeds of 20 rpm as
seen in figure 7. It is also noteworthy, that as the shear rate increased, at higher rpm, the viscosity
dropped. This is because the slurry is pseudoplastic, meaning that the viscosity tends to decrease
as a function of increasing shear rate [10].

Figure 7: Viscosity measurement

Then, the slurry proceeded to be degassed using the setup in figure 8, which involved using
a desiccator and a vacuum pump. This setup allowed the slurry to be kept at a vacuum of 85-93
kPa (635-700 mmHg) for 8:30 min allowing the air to escape in the form of bubbles as seen in
figure 9. The viscosity proceeded to be measured once again after degassing using the same setup
as before and its value was of 2100 mPa. At this point the slurry was ready to be tape casted.

17

Figure 8: Degassing Setup

10 mm
10 mm

Figure 9: Bubbles

The slurry was poured into the tape casting machine, but the blade gap was set to 2000
micrometers rather than the desired 200 micrometers making the slurry to spread unevenly through
the tape, as shown in figure 10. The slurry proceeded to dry unevenly and create the tape seen in
18

figure 11. This uneven drying created deformations on the tape and can be visibly observed in the
cracks and noticeable deformation of the tape of figure 12.

30 mm

Figure 10: Wet Tape

40 mm

Figure 11: Dry Tape
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3 mm

Figure 12: Dry Tape Cracks

4.3 Third Slurry
The equipment was cleaned with acetone once again, the blade gap was set to 200 microns
and the process repeated from September 23rd to September 28th. The slurry formulation can be
seen in Table 6. The viscosity measurements were obtained using the same approach as for the 2nd
slurry and can be observed in table 7.

20

Table 6: Third Slurry Formulation
Composition

Function

Weight %

Actual Weight (g)

%error

𝑍𝑟𝑂2

Powder

47.3%

103.99

0.09

Fish Oil

Dispersant

1.24%

2.78

2.07

Xylenes

Solvent

21.3 %

46.78

0.15

Ethyl Alcohol

Solvent

21.3%

46.72

0.28

Polyvinyl Butyral

Binder

4.4%

9.64

0.25

Butylbenzyl

Plasticizer

2.2%

4.80

0.66

Plasticizer

2.2%

4.83

0.04

Phthalate
Polyalkylene Glycol

Table 7: Third Slurry Viscosity Measurements

Viscosity

Before Degassing

After Degassing

1470 mPa

2050 mPa

The wet and dry tape were obtained after tape casting and are shown in figure 13 and 14,
respectively. It can be concluded that even though the tape in the 2nd slurry and this tape had similar
viscosities the final tape is radically different given that the considerably smaller thickness of the
3rd slurry allowed for it to evenly dry.

21

30 mm

Figure 13: Wet tape

20 mm

Figure 14: Dry Tape

4.4 Fourth, Fifth and Sixth Slurry
The tape casting process was repeated 3 more times and new slurries were manufactured
from October 15th to October 19th, October 21st to October 26th, and October 29th to November 3rd,
and will be referred as fourth, fifth and sixth slurries respectively. These slurry compositions can
be observed in table 8, 9, and 10. The viscosity measurements for these slurries were obtained
22

using the same process for previous slurries and can be observed in the following section in table
11.

Table 8: Fourth Slurry Formulation
Composition

Function

Weight %

Weight (g)

%error

𝑍𝑟𝑂2

Powder

47.3%

104.09

0.2

Fish Oil

Dispersant

1.24%

2.82

3.54

Xylenes

Solvent

21.3 %

47.04

0.41

Ethyl Alcohol

Solvent

21.3%

46.69

0.34

Polyvinyl Butyral

Binder

4.4%

9.67

0.06

Butylbenzyl Phthalate Plasticizer

2.2%

4.87

0.78

Polyalkylene Glycol

2.2%

4.87

0.78

Plasticizer
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Table 9: Fifth Slurry Formulation
Composition

Function

Weight %

Weight (g)

%error

𝑍𝑟𝑂2

Powder

47.3%

104.03

0.13

Fish Oil

Dispersant

1.24%

2.77

1.71

Xylenes

Solvent

21.3 %

46.98

0.27

Ethyl Alcohol

Solvent

21.3%

46.91

0.13

Polyvinyl Butyral

Binder

4.4%

9.67

0.06

Butylbenzyl Phthalate Plasticizer

2.2%

4.91

1.61

Polyalkylene Glycol

2.2%

4.89

1.20

Plasticizer

Table 10: Sixth Slurry Formulation
Composition

Function

Weight %

Weight (g)

%error

𝑍𝑟𝑂2

Powder

47.3%

104.15

0.25

Fish Oil

Dispersant

1.24%

2.76

1.71

Xylenes

Solvent

21.3 %

46.90

0.11

Ethyl Alcohol

Solvent

21.3%

46.85

0.002

Polyvinyl Butyral

Binder

4.4%

9.68

0.16

Butylbenzyl Phthalate Plasticizer

2.2%

4.94

2.23

Polyalkylene Glycol

2.2%

4.87

0.78

Plasticizer
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These three tapes were able to be tape casted and three dry tapes similar to that of the 3rd
slurry were obtained as seen in figure 15, figure 16, and figure 17. The manufacturing process
for these three slurries was almost identical to that of the 3rd slurry with its main differences
being a variation in the quantity of grinding beads, which varied between 150-200 mL, and a
minimal difference in the blade gap. These differences, although small. ended up causing a big
effect in the slurry viscosity as explored below.

30 mm

Figure 15: 4th Slurry Dry Tape
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30 mm

Figure 16: 5th Slurry Dry Tape

30 mm

Figure 17: 6th Slurry Dry Tape
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4.5 Viscosity measurements
As previously stated, the viscosity was measured for the 2nd, 3rd, 4th, 5th and 6th slurries and
can be observed in table 11. It is important to notice that the values obtained vary even though the
slurry composition is close to identical for all cases. From the slurries’ composition tables it can
be observed that each component percentage error with respect to the original composition is less
than 4%. As such, these variations are attributed to the way the slurry was manufactured rather
than the chemical composition. To be more specific, what caused the variation between these
measurements was the quantity of grinding beads used when milling the slurries. It is evident that
the quantity of grinding beads has an inverse correlation to the slurry’s viscosity. For instance, the
4th slurry has the greatest viscosity given that the number for grinding beads was the lowest for
this slurry.

Table 11: Viscosity measurements
Slurry

Viscosity Before Degassing

Viscosity After Degassing

2

1470 mPa

2100 mPa

3

1290 mPa

2050 mPa

4

3320mPa

4490 mPa

5

1700mPa

3225 mPa

6

1980mPa

2720 mPa
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The most important fact of the values obtained was that the viscosity measured after deairing for all slurries was between 500 to 6000 mPa. This fact places them in the acceptable value
range for tape casting based on Mistler’s theory [10]. As such, it can be concluded that the
formulation and manufacturing process of the slurry was appropriate to generate a slurry able to
be casted regardless of small mistakes during the manufacturing process.

4.6 Further processing of slurry
After the tape for sixth slurry was dry, a 28 mm diameter puncher, as seen in figure 18,
was used to punch circles as seen in figure 19. These circles were stacked in groups of 4 with a 90
degrees uniaxial rotation and then proceeded to be placed between clean sheets of weighting paper,
as seen in figure 20. The samples are then placed between steel cylinders, as shown in figure 21,
so they can be placed inside the automatic press.

30 mm

Figure 18: 28 mm Puncher

28

60 mm

Figure 19: Punched Tape

40 mm

Figure 20: Punched samples before lamination
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30 mm

Figure 21: Sample setup before lamination

The samples were laminated using the Carver inc. auto series press shown in figure 22. As
detailed in the methodology section above, the temperature of each platen was 120 degrees Celsius
and the machine applied a pressure of ~30MPa to the sample for 2 minutes. These samples were
taken out of the machine and carefully placed in the middle of a pair of center platens, as shown
in figure 23.

50 mm

Figure 22: Lamination process
30

30 mm

Figure 23: Samples on center platens

These center platens are then stacked and carefully placed inside the furnace as observed
in figure 24.

Figure
24: Samples before sintering
40 mm
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Finally, these samples are subjected to the sintering process detailed in the methodology
section. The final samples were carefully removed from the furnace and their respective diameters
annotated in table 12. As shown in the diameter values, samples shown a 23% shrinkage from the
original 28 mm size. This experimental value gives us a better understanding of this tape’s physical
properties. An example of these samples can be observed in figure 25.

Table 12: Diameter of sintered samples:
Sample

Diameter (mm)

Percent Shrinkage (%)

1

21.66

22.64

2

21.39

23.61

3

21.06

24.79

4

21.35

23.75

5

21.67

22.61
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25 mm

Figure 25: Sintered Samples

Some samples ended up partially breaking after sintering as seen in Figure 26 or completely
shattered as seen in figure 27. This event was caused given dirt or improper handling of the samples
before sintering. As such, more precautions need to be taken to ensure the samples are not exposed
to unwanted impurities that might affect the outcome.
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25 mm

Figure 26: Damaged Sample after sintering

25 mm

Figure 27: Shattered sample after sintering
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TIMETABLE
The following table details the timeframe of each part of the process done in this paper
Table 13: Timetable
Activity

Description

Dates

Setting up the equipment

Setup each device involved in the

August 20th-September 9th

tape casting manufacturing process
and make sure they are functional
First Slurry fabrication

Fabricated first slurry

September 10th

-

September 14th

Second Slurry fabrication and tape

Fabricated and casted second slurry

September 17th –September 21st

Fabricated and casted Third slurry

September 23th - September 28th

Fabricated and casted Fourth slurry

October 15th – October 19th

Fabricated and casted Fifth slurry

October 21st - October 26th

Fabricated and casted Sixth slurry

October 29th - November 3rd

Samples were punched from dry

November 4th-November 15th

casting
Third Slurry fabrication and tape
casting
Fourth Slurry fabrication and tape
casting
Fifth Slurry fabrication and tape
casting
Sixth Slurry fabrication and tape
casting
Laminating and sintering samples

tape, laminated and sintered
November 16th

Thesis Defense

35

5. IMPLICATIONS OF RESEARCH
This research purpose was set to develop a reliable methodology to produce a thin
membrane electrolyte with the appropriate characteristics to be used in an electrolyte-supported
single cell SOFC. It is the focus of future research to develop the single cells by screen printing
the electrodes into the electrolyte and test the I-V performance and energy density of said single
cells. It is expected that when testing power density in future research, we get a value greater than
𝑊

0.25 𝑐𝑚2 , which makes our tape viable for stationary applications [5].
Additionally, some more testing must be made to test the sample porosity. Some criteria
these dry tapes must meet is a high density (>99%), which is achieved through grain size growth
and decrease in porosity through sintering [11]. This high density is an important characteristic
given that it directly impacts the ionic conductivity of the material [12]. The criteria described
above will help verify the reliability and uses of the tape casting process detailed in this research.
If all the qualifications are met, this research will allow to mass produce this process to fabricate
reliable electrolytes for SOFC stationary applications.
Other authors, such as M. Jabbari, have explored the numerical analysis of tape casting of
LSM ceramic slurry thanks to the analysis of the characteristics of the experimental tape [13]. As
such, analyzing the YSZ ceramic slurry done in this research and testing its characteristics might
also allow it to be expanded by applying CFD analysis and predict the thickness of the tape based
on the initial conditions.
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